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Cholesterol-Containing Glycolipid of Borrelia burgdorferi 
and Its Use as an Immunogen 

FIELD 

^application re,a,es to the field of cho.estero, containing Bpids , and «o fto 
of tt.es. chotestero, containing Bpids in productag an immune response against B 
burgdorferi. 



BACKGROUND 

Lyme disease is a zoonosis cansed by the tick-bome spirochaete B. burgdorferi 
(S^ eta. ^.^^^,308:733-740, ,983). When a susceptive host is baton by 
heli^^^ ^ ^ burgdorferi organisms enter the skin. B. burgdorferi spirochaetes are 
hehcaUy shaped, mottle cefis „fth an onter ceU membrane tha, snrreunds a pro,op,asmic 

TTTT; consis ' i,,8 of ^ cy,op,asm - flK - n wau - *■ - — — - 

dte flagena wbtch are ioeared no, a, the ceU surfcce bu, in the perip.asmic space betiveen 
ttte onter cell membrane and the protoplasmic cylinder. He enter cell membrane and the 
flagella are assumed to play an important role in the host-parasite interacttons daring the 
msease and has been snbjected to severe, investigations, identifying major surfime- 
exposed proteins as important immnnogena (Bareonr e, a!., J. CUn. Invest. 72:504-515 
1983}. * 

m human, me initial skin manifctfanon ia .etmed eryi^a eHronieun, nigram 
(B^whereasalong^anding infection ofthe skin prodneea acrodermatitis chronica 
atropmcansCAsbrinketal.,^^. Venereal 64:506-512, 1984). TteBorreUa 
orgamsms a.so enter the circn.atory system of me host and are distributed to various 
organs, including.be brain and join* (Barbour e, a,., Microtia,. Re*. 50:38,-400 1986) 

ymphocytiememngoradicnlitts(Pfi s ,ere,al.,^ eW)/ . 1.8:, -4. 1984), myocarditis 
*-«-.i«*fcJ« 93:8-10, ,980) and chronic arthritis (Steere eta, Ann 
*-» « 90:286-29,, ,979, » ntany patients me infection of soLssues 
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parucuiarly the b,^ ^ j oinb> rmlm {or ^ ^ ^ ^ sevaeiy ^^.^ ^ 
forms of chmnic Lyme disease are a consequence of a. hosfs inability to rid itself of the 
■nfecnous agen, and perhaps the development of an antounmune reaction (Steere et a! 
Ann. Intern. Med. 99:76-82, 1983). ., 

Ith - been ^thattheearUestIgMantibod^ 

^ ti^ B3 1 ' WhiCh ^ deP ° Sited ^ T ^ e Culture Collection 

in 1983 with the Accession No. ATCC 35210, are directed against a genus-specific 
^gellar polypeptides 

Gfc W 78:934-939, 1986) and which reacts with monoclonal antibody H9724 " ' 
(Barbour et al., Infect. Immun. 52:549-554, 1986). IgG antibodies are also first directed 
to the 41 kd flagellin, but with advancing disease IgG antibodies form against other 
unmunogens, especially against two abundant proteins with molecular weights of 31 kd 
and34kd. These two proteins, which have been denoted OspA (3 1 kd) and OspB (34 
kd)have been found to be located at ^ B. burgdorferi ^^^^^ 
fluid cell membrane (Barbour et al., J. Clin. Invest. 72:504-515, 1983) 

U.S. Patent No. 4,721,617 discloses the use of inactivated whole B. burgdorferi 
spirochaetes as a vaccine against Lyme disease. In addition, U.S. Patent No. 6,203 798 
t^hes the use of protein antigens, OspA and OspB as vaccine candidates. However as 
of February 25, 2002, the manufacturer announced that the LYMErix™ Lyme disease 
vaccine that includes OspA will no longer be commercially available. 

Thus, a need remains for a reagent that can be used to produce an immune 
response against B. burgdorferi, such as a protective immune response, in order to 
produce an effective vaccine to prevent Lyme disease. 



SUMMARY 



Disclosed herein are unique compounds and their analogs such as therapeutically 
acceptable salts thereof. One example of such a compound has a formula of 
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wherein "16" represents the number of carbon atoms in the straight chain alkyl 
subsntuent This specific compound is referred to herein solely for convenience as 
"BBGL-II" (i.e., B. burgdorferi glycolipid-II). These compounds can be used for 
inducing an immune response to B. burgdorferi in a subject by administering a 
therapeutically effective amount of the compound to the subject Such administration is 
particularly useful for preventing or treating Lyme disease in a subject The 
compounds(s), and therapeutically acceptable salts thereof, may be formulated into 
pharmaceutical or immunogenic compositions. 

The foregoing and other features and advantages will become more apparent from 
the following detailed description of several embodiments, which proceeds with reference 
to the accompanying figures. 
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BRIEF DESCRIPTION OF THE FIGURES 
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Fig. 1 is a digital image of TLC analysis of lipid extracts from B. burgdorferi 
Total hpid extracts from strains B3 1 (lane A), N40 (lane B), and BL303 (lane C) were 
exposed to iodine vapor, sprayed with anthrone reagent (lane D), and immunostained with 
mouse anti BBGL-II antiserum (lane E). Alternatively, sonicated B3 1 cells were loaded 
onto Detoxi-Gel column, the bound material was eluted with deoxycholate, and the lipids 
thereof were exposed to iodine vapor (lane E). 



SAS/WWR;jam 04/02/03 4239-64776 _zL. 

Express Mail No. EV295230276US 
Date of Deposit: April 2, 2003 

Fig. 2 is a digital image of part of the MALDI-TOF mass-spectre of sodium 
L I" " " 4 BBGL - m - majOT ^ «'»——— ions (M+Na*] a, 

denvaovcs of BBGm (A), and pseudomo.ecular ions [M +Naf at ^ ,80., ^ ^ / 
'*™™gala„ 

andpalmiloyl^leyHM'^derivattvesfB). 

Fig. 3A-B are digital images of DEPT »C NMR spectrum editing of the 
g^oupidBBG^mCDCfea, ,26MB,. Fig. 3A is a digital image o, OTsi g„a,s only 
obtamedbyaDEPT-oOexperiroen,. Fig 3B is a digits, image of positive CH, 1 
negative CH 2 resonances computed from DEPT-150-/X DEPT-90, where/is an 
experimentally adjusted factor. 



„ A R ilf° WS,he > >artial2D 'H' ,3 CHMBCNM R specm J mofg I ycobp i dBBGL, 

Qs^hT ^ T 00 "' 6 MHZ -, Sh ° Wfag *° connectivities for me 

Gal H/acetylcarbonyl J C, Gal H /fatty acid ester carbony, 13 C, and cholesterol H- 
3/Gal C-l combinations. Two intra-residue connectivities are also shown. 

at 500 » 5 1" 0 " 2D COSY - 3 ° NMR <> f B BGWr-Ac 3 in CDCfe 

at 500 MHz, showmg vicinal and gemina] "H/'h connectivities. 

Fig. 6 shows the 2D 'H/'H TOCSY NMR spectimn of glycolfpid BBGL-ffl in 
CDC* a, 500 MHz. The charecteristic Gal, Gro, and tatty acid , 8.-, subapectin are 
identified. 

H 8- 7 *^apamaJ2D'H/''ci I MBCNMRspecti 1 nnofg,yco,ipidBBGL:m- 
Ac, m CDCfe a. 5O0/,26 MHz, showing inter-residue 'H/»C connectivities for four Gal 
protons wrth acatyl carbouyl »C nuclei, three glyceryl protons with fatty acid ester 
carbonyl C nuclei, and two glyceryl protons with C-l • of Gal. 

Fig. 8 is a diagram of the structure of the main fraction of native BBGL-lr 
cholesterylo-O-palmitoyl-b-d-galactopyranoside. 
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Fig. 9 is a diagram of the structure of the main fraction of native BBGL-in, 1- 
oleiL, 2-paImitoyl, 3-[0-a-D-galactopyranosyI]-wi-glycerol 

5 DETAILED DESCRIPTION 

/. Terms 

Unless otherwise noted, technical terms are used according to conventional usage. 
Definitions of common terms in molecular biology may be found in Benjamin Lewin, 
10 Genes V> published by Oxford University Press, 1994 (ISBN 0-19-854287-9); Kendrew et 
al. (eds.), The Encyclopedia of Molecular Biology, published by Blackwell Science Ltd., 

1994 (ISBN 0-632-02182-9); and Robert A. Meyers (ed.), Molecular Biology and 
Biotechnology: a Comprehensive Desk Reference, published by VCH Publishers, Inc., 

1995 (ISBN 1-56081-569-8)!. 

15 In order to facilitate review of the various embodiments of this disclosure, the 

following explanations of specific terms are provided: 

Analog: A molecule, that differs in chemical structure from a parent compound, 
for example a homolog (differing by an increment in the chemical structure, such as a 
difference in the length of an alkyl chain), a molecular fragment, a structure that differs 
by one or more functional groups, or a change in ionization. Structural analogs are often 
found using quantitative structure activity relationships (QSAR), with techniques such as 
those disclosed in Remington: The Science and Practice of Pharmacology, 19* Edition 
(1995), chapter 28. 

Antigen: A compound, composition, or substance that can stimulate an immune 
response, such as the production of antibodies or a T-cell response in an animal, including 
compositions that are injected or absorbed into an animal. An antigen reacts with the 
products of specific humoral or cellular immunity, including those induced by 
heterologous immunogens. The term "antigen" includes all related antigenic epitopes. 

Antibody: Immunoglobulin molecules and immunologically active portions of 
immunoglobulin molecules, i.e., molecules that contain an antigen binding site that 
specifically binds (immunoreacts with) an antigen. 
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chai IT*"" """^ a *** ,SG - IgM > *-«— ^Polypeptide 

«wo heavy (H) chains and two Ugh, (L) chains inter-connected by Rhonda 
*weve r has been shown tha, the antigen-binding fcncfion of an anybody can he 
P-fonnedbyflagmen.sofana.nraUyoeeurtngsnubody. Thus, mese anugeu-binding 
^-^^ to bede si g„a,edbya 1 e,e rm ..a n « b od y , Specimen 
h«uhng examp,es of binding fragment encompassed within the tenn antibody inchtde (i ) 
aFabft.gmen.consisongofthe VL, VH.CLandCH. domains; (ii) an Fd fragment 

Zn^; r mdCHld ° m ^ (ifl)mFV ^'— *°«^^VH 
0 34TT1 X ^ *» « ^ (Wan. e. a!., We 

34 .544-546, .989) which consists of a VH domain; (v) an isolated c^mphmemarUy 
detenmmng region (CDR); and (vi) a F(ab* fragment, , bivaIent fragment » 

^.Fabfragmente^byadisnmdebridgeatthehingeregion 
exa™,^^^^ 

TZ 'T Thetermmamma • ine.ndes both hnman and no».hnm m 

mannas. Sun.larly, fc _ ^ facIudes ^ ^ ^ - 

in .9S4 TZ A SPfroChete *" ™ ^ *~ lb - * * 

L modified H : CaD ^ *" ** « ««*". 

1 1 1 k? y ^ ^ < B ~~Ke,, y) . Borrelia fem ticks 

M flDm *■ b,00d ' Ski »> - fluid of Lyme disease paUents have been 

successfully cultivated in BSK. BSK solidified with 1.3% agarose allows the production 
of pontes ftom stng,e organisms 3. grmvs slowly as compared I mos. 

hasten* Bach sptrochefe divides into two ceUs after .2 to 24 hours of elongation The 

Lvmed S *" SU S ' r " co 300 rc lated Borrelia, B. garinii and A ajzelii also cause 

^edtsease tn Eumpe.br Asia> onIy * ^ ^ fi ^ ^ ^ ^ ^ 

ZWfu, including A flexiWe helica) ^ 

protoplasnuc cylinder surmunded by a ceU membrane, 7 to 1 1 perip.asmic flageUa, and 
an outer memb^e that is .oosely associated with the underlying suture, L ^ 

obasehnearchmmosome, 9 linear plasmMs, and ,2 circular piasmids. Theourer 
membrane of B. Burgage* md ^ „ ^ jn ^ 
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pmteina arc located on linear phsmids; tee extiachromaaoma! genes determine the 
anngemc tdenttty of these organisms and presumab.y he,p the bacteria adapt arm survive 
■n ticks and different mammalian hosts. 

Derivative: A derivative is a biologically active molecule derived from a base 
molecular structure. 

Immune response: A response of a cell of the immune system, such as a B cell 
TceHormonocyte, ma stimulus, m one embodiment me response is specific for a 
particular ^ (an "antigen-specific msponse^. mono enmodimen, an tomune 
response ,s a T cell response, such as a CD4 + response or a CD8 + response, h, corner 
emboAmen, ^me response is a B eel, response, and reauits in ,he production of specific 
anubod.es. An mmmuogenic composition" is any composition ma, elicits an immune 
r^onse tn a mammaUan host when me immunogenic composition is injected or 
otewiseintroduced. The immune response may be humors!, cellular, or bod, A 
booster -refers to an increased immune response, o an immunogenic composition upm, 
subset,™, exposure of the mammalian hos, ,o me same immunogenic composition. 
Isohted: An "isolated" biological component (auch as a nucleic acid, lipid 

pmtonororganell^hasbeenaubsuntiallysepam.edorpurifietiawayfiomomer' 
btologrcal component in me cell of me organism in which me componen, namraUy 
occurs, ,.e„ other cmomosoma! and extiu-ctoomosomal DNA and RNA, proteins, Upids 
and or^eue, Nuc.eic acids, .ip.ds and pro,eins that have been "isolated" include ' 
nucletc ^Mpids and pmWns purified by atimttadpmifieationmetimda. Tie tan, 
also embraces nucleic acids and proteins prepared by recombinant expression in ahos, 
cell as well as lipids, nudeic acids and proteins ma, are chemicaHy synthesized 

Label: A detectable compound or composition that is conjugated directly or 
tndnecuy to another moiecme ti> faeffitete defection of ma, mo,ecu,e. Specific, non- 
imuttng examp.es offends include fluoreacen, tegs, enzymatic linkages, and tadioactive 
isotopes. 

Lyme disease: Lyme disease is caused by infection with the bacterium, Borrelia 
bur gd orfer. These bacteria are transmitted to humans by the bite of infected deer ticks 
and cause more than 16,000 infections in the United States each year 
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Lyme disease most often presents with a characteristic "bull's-eye" rash, erythema 
migrans, accompanied by nonspecific symptoms such as fever, malaise, fatigue, 
headache, muscle aches (myalgia), and joint aches (arthralgia). 

The incubation period from infection to onset of erythema migrans is typically 7 
5 to 14 days but may be as short as 3 days and as long as 30 days. Some infected 

individuals have no recognized illness (asymptomatic infection determined by serological 
testing), or manifest only non-specific symptoms such as fever, headache, fatigue, and 
myalgia. Lyme disease spirochetes disseminate from the site of the tick bite by 
cutaneous, lymphatic and blood borne routes. The signs of early disseminated infection 
10 usually occur days to weeks after Ihe appearance of a solitary erythema migrans lesion. 
In addition to multiple (secondary) erythema migrans lesions, early disseminated 
infection may be manifest as disease of the nervous system, the musculoskeletal system, 
or the heart. Early neurologic manifestations include lymphocytic meningitis, cranial 
neuropathy (especially facial nerve palsy), and radiculoneuritis. Musculoskeletal 
15 manifestations may include migratory joint and muscle pains with or without objective 
signs of joint swelling. Cardiac manifestations are rare but may include myocarditis and 
transient atrioventricular blocks of varying degree. A burgdorferi infection in the 
untreated or inadequately treated patient may progress to late disseminated disease weeks 
to months after infection. The most common objective manifestation of late disseminated 
20 Lyme disease is intermittent swelling and pain of one or a few joints, usually large, 
weight-bearing joints such as the knee. Some patients develop chronic axonal 
polyneuropathy, or encephalopathy, the latter usually manifested by cognitive disorders, 
sleep disturbance, fatigue, and personality changes. Infrequently, Lyme disease 
morbidity may be severe, chronic, and disabling. An ill-defined post-Lyme disease 
25 syndrome occurs in some persons following treatment for Lyme disease. 

Lymphocytes: A type of white blood cell that is involved in the immune 
defenses of the body. There are two main types of lymphocytes: B cells and T cells. 

Pharmaceutical^ acceptable carriers: The pharmaceutical^ acceptable 
carriers of use are conventional. Remington 's Pharmaceutical Sciences, by E. W. Martin, 
30 Mack Publishing Co., Easton, PA, 15th Edition (1975), describes compositions and 
formulations suitable for pharmaceutical delivery of the BBGL-II herein disclosed. 
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I "^.*e n a to eof tt ecam a -„i U depe„ doiltheparticularmodeof . 
adm,mstra„onl*i„ g employed . Fortastance lWta--tal 
tnjectoble fluids tha, tocl „ de phamaceuacaUy _ physi * 

- Physiol08ical Mline> bahncaI ^ ^4^: r 

5 kkeaaavelucle. For^dco.po^^.,^^ r ^ °^ 

— . actes^tamh.ormagnesiumstearate. tn add*™ .obiototfcaflyJL 
^ Pham ; aCe " ,i0al to * - 0- contain minor _ of 

pH buffering agents and tbe like, for example sodium acetate or sorbitan monolaurate 

mod« ^ yChain0f ™"°-*.-aard1essofIeng tt or P o S ,-nansIanona 1 
mod.8cat,on(e.g..g| yC osylation or phosphorylation) 

as a ™ T ^ *" ^ " "** « <• ^tended 

TJntr 7' ^ 3 ^ ^ Preparation is one in which the 

pept.de or protem , mote enriched man me peptide or protein is in its natural 

rrnrr a mu - b one en,oo<,imen, • a comp ° , » d * » ^ 

dm me hptd drsdosed herein represems a, ,cas, 50%, more poverty a, feast about 

ptiir part,cuiariy 84 ieast abou ' 98% - *- — — <— 

arc ,, TC . e ! : AWW, : MO ° dC ' snc ' iMto a-te™»erespona=. T cells include, but 

ZZ T ^ CW T "* CD8 * T — " A ™* T lymphocyte is an immune 
cell ma, cames a marker on its surface know, as -Custer of differentiation 4» (CD4) 
TT.esece.Is, also known as helper T cells, help orchestrate the immune response 

C fTrT" " " k " ,er T "~ CDS * ^ cells carry the 

cluster of drfferentuhon 8» (CD8) marker. In one embodiment, a CDS T cells is a 
cytotoxic T lymphocytes. In another embodiment a CDS cell is a suppressor T cell 

Therapeutics active a g e nt : An agen, tha, causes induction of an immune response 
^measured by clinical response (for example increase in a population of immune ce„s 

Wa^. Therapeutically active agents can also include organic or other chemicT, 
compounds that mimic the effects of BBGL-n. 
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In one embodiment, a therapeutically effective amount of BBGL-ff or a derivative 
of BBGL-H rs an amount used to generate an immune response, or to treat or prevent 
tnfectionwifltA ourgtorferl i„ , subject Treamren. refers ,„ a therapeutic intervention 
ma. ameUom.es a sign or symptom of A burgdorferi infection, or a sign or symptom of 
Lyme disease. 

Unless othenvise expiained, all technical and scientific terms used herein have me 
same meamng as commonly understood by one of ordinary skill in toe art to which this 
dtsclosure belongs. The singular terms "a," "an," and "tite" include phtra. referents mdess 
contex. clearly mdicates otirenvise. Similarly, fire wort "or" is intended to include "and" 
unless me context clearly indicates otherwise. It is further to be understood mat all base 
st Z es or amino acid siaes, and al! molecular weight or molecular mass values, given for 
nucleic acids or polypeptides are approximate, and are provided «b, description. Although 
methods and materials similar or equivalent to those described herein can be used in the 
practice or testing of mis disclosure, suitable mefltods and materia.s are described below 
The tern, "comprises" means "inclndes." All publications, paten, applications, patents 
and outer references mentioned herein are incorporated by referonce in their entirety, in 
case of conflict, thepresen. specification, induding exptonations of terms, wUl control in 
addttion, the raaterii u s , methods> md examptes are iflnstiative only and no. intended to be 
limiting. 

An example (BBGL-D) of the glycolipids disclosed herein has the following 
representative formula & 
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This specific compound is referred to herein as "cholesteryl 6-0-palmitoyl-P-D- 
galactopyranoside." Analogs of BBGL-H are also therapeutically useful as disclosed 
herein. For instance, in such an analog the acyl (i.e., palmitoyl) group shown for the 
BBGL-H formula may be replaced with other saturated or unsaturated carbon-containing 
groups or chains containing 1 to 25 carbon atoms, particularly other acyl groups derived 
from organic fatty acids. The cholesteryl and the galactopyranoside ring structures may 
include, at any ring position, substituent groups such as alkyl, carboxyl, substituted 
carboxyl (-COR where R is alkyl or a carboxylic acid or ester), aryl, alkoxy, hetercyclic, 
halogen, or amino groups. The O heteroatom bridging the cholesteryl and the 
galactopyranoside rings may be replaced with an alkyl radical (e.g., -CH 2 -) or a 
heteroatom such as N, S or P. 

The pharmaceutical^ acceptable salts of the compounds disclosed herein include 
those formed from cations such as sodium, potassium", aluminum, calcium, lithium, 
magnesium, zinc, and from bases such as ammonia, emylenediamine, N-methyl- 
glutamine, lysine, arginine, ornithine, choline, HN'-dibenzylethylenediamine, 
chloroprocaine, diethanolamine, procaine, N-benzylphenethylamine, diethylamine 
piperazine, tris(hydroxymemyl)aminomethane, and tetramethylammonium hydroxide. 
These salts may be prepared, for example, by reacting the free acid with a suitable 
organic or inorganic base. Any chemical compound recited in this specification may 
alternatively be adininistered as a pharmaceutical^ acceptable salt thereof. 

BBGL-H and/or its analogs may be isolated or purified from a5. burgdorferi 
culture as described below, or they can be chemically synthesized. 



. Immunogenic Compositions and Their Use 

In one embodiment, a method of treating a subject with a B. burgdorferi infection 
is provided, or preventing or inhibiting infection, or the development of clinical Lyme 
disease. Alternatively, the method can be used to inhibit the progress of an already 
existing infection. The method includes administering to the subject a therapeutically 
effective amount of a BBGL-H lipid, thereby treating or preventing the infection, or 
retarding or reversing clinical disease. In forming a composition for generating an 
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immune response in a subject, or for vaccinating a subject, a BBGL-H lipid, or a 
derivative thereof, is utilized. 

These immunogenic compositions of the present disclosure elicit an immune 
response against B. burgdorferi in a mammalian host, including humans and other 
5 annuals. The immune response may be either a cellular dependent response or an 
antibody dependent response, or both, and further the response may provide 
unmunological memory or a booster effect or both in the mammalian host. These 
unmunogenic compositions are useful as vaccines and may provide a protective response 
^"^aliansuy^ 

A earner may be provided for the BBGL-H lipids disclosed herein. A "carrier" is 
a physzologically acceptable mass to which the BBGL-H lipid is attached and which is 
expected to enhance the immune response. Ih one embodiment, a carrier is a chain of 
ammo acids or other moieties. In another embodiment, a carrier is a dimer, oligomer, or 

^ermolecularweightpolymerofasequenceofaminoacidsofa^ burgdorferi 
15 polypeptide. 

The present disclosure further includes methods for preparing the immunogenic 
composmon that involves conjugating the glycolipid to a polypeptide or non-peptide 
moxety that could act as a carrier or adjuvant or have other biological activity in 
combinationwithBBGL-n. For example, the BBGL-H lipid is conjugated to a 

polvpeptidebyoneofanumberofmeans.suchasbyfirstderivatizingmeproteinby 
succmylation and then conjugating the lipid component to the protein through a reaction 
of the protem and lipid component with 1, emyl-3-(3-dimemylaminopro P yl) carboiimide 
hydrochlonde. Additionally the activation of the lipid component can be accomplished 
by the use of any of several reagents, but preferably cyanogen bromide. 
25 ™ eBBG ^ nii P id *anbeatta^ 

hmned to, MRU, a recombinant protein containing the repeating units of Clostridium 
difficile toxin A. Carriers are chosen to increase the immunogenic^ of the 
polysaccharide and/or to raise antibodies against the carrier which are medically 
beneficial. Carriers that fulfill these criteria are described in the art. A polymeric carrier 
can be a natural or a synthetic material containing one or more functional groups for 
example pnmary and/or secondary amino groups, azido groups, or carboxyl groups. The 
earner can be water soluble or insoluble. 
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WMCT ™ ,Uble ^ Hde ^--P-f^a I .d in cludebu,a re „o, 1 i m i«ed«o 
natural or syndic polypeptides orproteins, snch as bovine „ mi ^ 

or toxoid, diphtheria toxin or toxoid P?o»ri n ™~„„ 
, L . ° ia ' rseudomonas aeruginosa exotoxin or toxoid 

""^'^ - C/ °~ -toxins or toxoids, mutant non-toxic 

SZZT*-"* 1 "- 1 - — — 1 and 2 , IT 

hepatitis B surface antigen and core antigen. 

^ a ' iVe ^^-™^ce,anin,al,vegetable,orrnine ralto „ ligill 
that , phys.otogi.aUy actable and nrncrions to ^ BBGm lipid to „T 

_ system Thus, . wide variety of carriers are accepts, and include materials 

For exampH an example of a protein carrier includes, bu, is no, limfted «o, KeZ.e 
^.pe. pro.™ and hemocyanin. Po.ysaccbarides „ a,so be used as carriers, and 
mch.de those of molecu,ar weigh, I0 ,000 to ,,000,000, snch as stages, dext™, agarose 
ficol^.rscarboxy.meU.y.derivativeandcarboxymed.y.ce.Wose 

acids ■ Tr* 0 "* " *° COn,em, " ate, f ° r ^ PO,yanri„„ 
acds mclude, among others, polylysine, po.yalany, poly.ysn.e, poIygIutamjc J, 

polyasparhc acid and poly (C2 .C„)anrino acids. 

0 ^P°'^ca 0 beusedascarriers.aM,hesepo,y m ersi„clnde,for 

zir r " < copoiymers ° f ^ — * 

po^udes, carbonates arm ethers and nre like. Ge^rally „. J 

ofmesepo.ymersw.nvarydtan.aricauy. Theporymers can have Go-two repeating 

« be cons, ste n, with the use of the tonrnnizu.g^pnsidon in a bos, anil. 
Gorily spealong, such polyme* wi.. have a tower n,otoc„,ar weigh, say between 
,0,000 and ,00,000 (t he motocuiar weigh, being determined by JLZ£Z 
Inorganic polymers can aiso be employed. These inorganic poIym ers can be 

hydrox.de can be used as carriers. It is preferred ,ba« the carrier be one which is an 
.mntunotog,^ adjuvant In such cases, it is pardeuiariy contemplated ma, me adjuvan, 
be muramyldipeptide or its analogs. aqmvant 
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The earner can also be the residue of a crosslrnldng agent employed to 
mto onnee,ap llraKtyof ^ cwHde ^^ gchata ^ 

have as then functional w . ^ ^ m ^ * * "* J""* 

W Inparucular.thereiscon tetnpL te IT 
bulyraldehyde aa a crossing agent, a divalent imido eater or a carbodihnide 

effecn "T T » • -W* a therapeutically 

effecuve dose of a pharmaceutic* composiuon containing a BBGL-n Hpm. and a 
pharmaceuhcally accep,ab,e carrier. Administering the pharmaceutical composition of 

maybe accrued by any means ta own to the sfcHed 
By subject is meant any mammal, inchiding a human. 

dose J^T^T^ composmonsarepreferably prepared and administered in 
doaetmt*. Sohd dose umts are table*, capsnies and snppositories. For treatment of a 

s^ty of disorder, age md body ^ rf fc ^ ^ 

neceasa^.Undercor^cimnms^ces.however.mgheroriowerdany doses may be 
jropnate. The adminishntion of me daily dose can be earned on, bom by smT 

in *e form of an individna, dose nni. or eise severa, sma, Jdose tmits and 
also by momple adminismuion of subdivide* dosea a. specinc intervala 

The pharmaceutical compositions are in general administered topically 
monvenonsly intramuscularly, orally or parenteraUy or as implant, bu, even recti* use is 
Posaib e ,n pnuciple. Suitab.e sohd or h q „id pharmaceutic* preparation forma aT Z 
Z T ^ — ^ suppositories, 

171", ^ — * « ta ^ bte «— -n ampule 

form and also preparations with ptotincted telease of active compounds, in whose 

preparation excipients and additives and/or angaries such as disintegranrs, binders, 

coating agents, swelling agents, htbrieanta, flavorings, sweeteners orsolubilisera are 

Z^Z TZ deSCTibe<1 abOV0 ' ^ Pham ™ "«~ - suitable fc 
In Z T ' " eliVery ~ *» ' of present methods lor drug 

mfZI'T T' tee " Ce249:l327 " 1533 - '"->. disincorporated herein by 
f l», i ^"'^^^^--'"^taPhy-logicaUytolemble ' 
(acceptable) dduents such aa water, saHne, phosphate-buffered aaUne, or the like, ,„ form 
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an aqueous pharmaceutical composition. Adjuvants, such as aluminum hydroxide, may 
also be included in the compositions. 

The pharmaceutical compositions can be administered locally or systemically 
Amounts effective for therapeutic use will, of course, depend on the severity of the 
> disease and the weight and general state of the patient Typically, dosages used » vitro 
may provide useful guidance in the amounts useful for in situ administration of the 
pharmaceutical composition, and animal models may be used to determine effective 
dosages for treatment of particular disorders. Various considerations are described, e g 
in Oilman et al., eds., Goodman and Oilman: The Pharmacological Bases of 
Therapeutics, 8th ed., Pergamon Press, 1990; and Remington's Pharmaceutical Sciences 
17th ed., Mack Publishing Co., Easton, Pa., 1990, each of which is herein incorporated by 
reference. J 

For the use of BBGL-II lipids, effective doses of the therapeutic molecules will 
vary depending on the nature and severity of the condition to be treated, the age and 
condition of the patient and other clinical factors. Thus, the final determination of the 
appropnate treatment re^ ^ 
dose range for a BBGL-II lipid will be from about 0. 1 ug/kg body weight to about 
lOOmg/kg body weight. Other suitable ranges include doses of from about 1 M g/kg to 
lOmg/kg body weight. The dosing schedule may vary from once a week to daily . 
depending on a number of clinical factors, such as the subject's sensitivity to BBGL-II 
lipid. In the case of a more aggressive disease it may be preferable to administer doses 
such as those described above by alternate routes including intravenously or intrathecally. 
Continuous infusion may also be appropriate. 

For administration to animals, purified therapeutically active molecules are 
generally combined with a pharmaceutically acceptable carrier. Pharmaceutical 
preparations may contain only one type of therapeutic molecule, or maybe composedofa 
combination of several types of therapeutic molecules. In general, the nature of the 
earner will depend on the particular mode of administration being employed For 
instance, parenteral formulations usually comprise injectable fluids that include 
pharmaceutically and physiologically acceptable fluids such as water, physiological 
saline, balanced salt solutions, aqueous dextrose, glycerol or the like as a vehicle For 
solid compositions (e.g., powder, pill, tablet, or capsule forms), conventional non-toxic 



10 



15 



0 



SASAVWR;jam 04/02/03 4239-64776 _jg 

Express Mail No. EV295230276US 
Date of Deposit: April 2, 2003 

«. Inadd iti „o toWo)ogicalIy .„ eufr ^^ p| _; • Stereh - 

7^ ' 9 bC " taU "* - 03,1 —f* 1 ~ °' —toxic auxiliary 
subsumes, such as wetting „, emulsifying ageMs> preservaflves> ^ 
> -ta^ftr^^^^^^ ffenngagents 

As ,s known in the art, protein-baaed pharmaceuticals may be only inefficiently 
Howev,,p inW dformso f pharmaceu^ p ^may 

— ^,„^^ rf-llU ^ 

^ «* - ■»* «he use of mini osmotic pumps. M stated aW * 

brabble carte, „o u ,d ^ ^ ^ ^ J» ' 

their in^ T °" *" * — - 

then- n, ended punpose. Amounts and regimens for me admimstradon of me the— 

—a can W^^,,,,,,^^ ^» 

r„ em^^^ andany<,the^coI,di,ionassociate<,wi,hi, • 

nmTJTTt condi,ions ' mo,ecule3 - admtoistered fa - — — «o 

— * Wen repUcanoa Typical amounts inidaHy admirustered „o„,d be those 
found to acbteve me desired effect ,n ^ The lipids cm be 

a*™.s te hon. Also, me hpids can be administered intralesionany: ,e„ me peptidtr 
protem^mjecteddirecyintomeiesion. In order to increase me immune re^onse a 

The disclosure is ilhtsbated by the Mowing non-limiting Examples. 
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EXAMPLES 

Example 1 
Materials and Methods 

Organism and Growth Conditions - B. burgdorferi strains B31 (ATCC 35210), 
BL303 and N40 were cultivated in BSK-H medium (Sigma). Media were inoculated with 
2% (vol.) of a frozen culture and incubated statically at 37°C for 72 hours to the mid- 
exponential phase of growth (pH 7.0). Cells were harvested by centrifugation at 12,000 g 
for 30 minutes, washed three times with cold PBS and kept at -20°C until used. 

Lipid Extraction and Analyses - Lipids were extracted from washed cells by the 
method of Bligh and Dyer (14). The chloroform phase was evaporated using a rotary 
evaporator, followed by a stream of nitrogen, and the dried lipids (0.1 - 0.2 mg /ml cell 
protein) were redissolved in 1-2 ml chloroform. Quantitative separation of BBGLs was 
achieved by silica gel column chromatography. Total lipid extract (10 mg) in 5 ml 
chloroform was loaded onto a silica gel column (20 x 3 cm, Kieselgel 60, Merk, 230-400 
mesh) that was sequentially eluted with 10 bed volumes of chloroform (fraction 1); 2.5% 
methanol: chloroform (vol: vol; fraction 2); 5% methanol: chloroform (volrvol; fraction 
3), 10% methanol: chloroform (vohvol; fraction 4) and methanol (fraction 5). The 
fractions were evaporated to dryness in a rotary evaporator, and a stream of nitrogen, 
redissolved in 1 ml chloroform and kept at -20°C. Fraction 3 contained almost 
exclusively BBGL-II, whereas fraction 4 contained BBGL-IB. For qualitative lipid 
analysis the total lipid fraction (20 pi containing 200 pg) was chromatographed on silica 
gel HR-coated aluminum plates (Merck, Darmstadt, Germany) and developed using 
chloroform:methanol (9:1 by vol.). Lipid spots were detected by iodine vapor, and 
glycolipids were detected by anthrone spray reagent. 

Radiolabeling - Cholesterol labeling of B. burgdorferi was performed by adding 
[4- 14 C]cholesterol (Amersham Pharmacia, GB, courtesy of W. Prinz, NIDDK, NIH) to 
100 ml media at the time of inoculation. Labeled cholesterol (specific activity 58.0 
mCi/mmol) was added at 0.1 uCi/ml in a mixture of Tween 80: Ethanol (1:1 by vol.) at 
final volume of 50 pi. Lipid extraction was performed as mentioned. For determining 
radioactivity in the lipid spots, total lipids were separated on TLC plates, the plates were 
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ften shorty exposed «o iodine vapor, and the spots were scrap*, offinto scintiJlation 
chamber containing , ml of scintiUation liquid. Radioactivity was measured in a Petkin 
Etoer scintiHauon counter (.node. 1450 mictobeta) and expressed as decompositions per 
min (dpm). v 

usmg Detoxi-Gel Endotoxin Removing Gel (Pieree, Rockford, 1L). iW/a eel.s were 
washed 5 Hmes with PBS, resuspended in me same buffer, and disrupted by ultrasonic 
treatment for 30 seconds, in a Branson sonifier operated a. 50% d«y cycles a. 100 W 
Membranes were separated from the solub.e fraction by c^triingation a« 37000 g fcr 30 
mmutes, and me supematen, (1 m. iteming , mg tote, protein) was .oaded on a deloxi- 
ge. (agan>se-immobia Z ed-polymixm B) column (0.9 x 10 cm). He co.mnn was washer, 
wtth 10 be4.vo.umes of PBS. Emtion of me bound materia, was performed by washing 
wtth 10 bed volumes of PBS containing 1% DeoxychoHc acid (w/v), according ,„ the 
manufacmrer-s instmcrion, The bound fraction was dialed against distiHed water 
lyophitized, and lipids were extracted as mentioned. 

Immunization and Immunosmlmng - Groups often female mice (5 - 8 weeks old 
general pmpose) were immunized inttaperitoneaUy with 2 doses of BBGL-n emufeified ' 
m complete Freund's adjuvant (first dose) or incomptete Freund-s adjuvant (second dose) 
two weeks apart The doses contained 125 Mg BBGL-n m." and were administered !P „ 
0.1 ml. Mico were b.ed 2 weeks after me second dose and the sem thus obtained ^ kept 
at -20 C until used Immunostaining of membrane lipids was perfonned as previously 
described(15). Developed chromatogtam plates, containing lipid spots, were coated with 
polytsobutyl-meftactylate solution (0.05% in hexane) and allowed to dry. The plates 
were men blocked with PBS containing ,% BSA and 0.05% tween 20 for 15 minutes and 
then mcuhated with ant, BBGL-n antisen™, dihtted 1 :100 in PBS-BSA buffer for 1 honr 
at 22 C. The plates were rinsed 5 times with PBS-BSA buffer and incubated with 
alkahne phosphatase-conjugated ra, anti mouse IgO (KPL, MD) diluted 1 :25,000 in PBS- 
BSA for 1 horn at 22-C. The plates were then washed, and deve.oped using BCIP/NBT 
(KPL, MD). 

, r A T b T' Me,k °* ' S " 8ar *** OU ' ~" ** «° *— »** « a. 

O^r ^ ^ SOfBBGL " n ° rBBGl " InWereh ^ edi ' 1 1 MHC.,or4hourm 
100 C and, after reduction and peracetylation, analyzed by GLC-MS using Hewlett- 
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Packard apparatus (model HP 6890) with a type HP-5 glass capillary column (0 32 mm 
by 30 minutes) and temperature programming at 8<>C/minute, from 125-250°C in the 
electron ionization (106 eV) mode. Fatty acids were analyzed after methanols of dried 
glycol^ with 1 M HCl/MeOH for 5 hours in 80'C. The solvent was removed under a 
stream of nitrogen and the free fatty acid methyl esters were extracted with chloroform 
Analyse was carried out with GLC-MS under the conditions described above 

Double Bond Localization- The position of double bond in unsaturated fatty 
acids was performed by GLC-MS after 4,4-dimethyloxazoIine derivatization (17) - 
Chloroform phase was dried under a stream of nitrogen, then mixed with 500 ^ of 2- 
ammo-2-methylpropanol and heated overnight at 150'C After cooling, the reaction 
mixture was dissolved in 3 ml of dichloromethane and washed twice with 2 ml of distilled 
water. 

MeOylatlcn Analysis - Native and O-deacylated glycolipid were methylated 
a^dtag.008). •me m eU, yI a.=dp ro du rts „e r e Ily d ro lv 2 ed wi « ll , MHC. for 4 hours in 
15 100 C, converted to alditol acetates and analyzed with GLC-MS. 

O-Deacylation - Glycolipids (2 mg) were O- deacylated with 0.33 ml of 0 25 M 
NaOCH, in methanol a, 3TC. The reaction was monitored by TLC. After 2 hou* no 
spots accounting for me original, unmodified glycoHpids wen, finmd. Solvent were 
evaporated under a stieam of nitrogen and the pmducts were extacted with chloroform 
-0 water (1 : l by vol.). Bom organic and inorganic phases wee analyzed for sngar and fatty 
acids by GLC-MS. 

Determination of Absolute Configuration - BBGL-n was hydrolyzed with 1 M 
HO a, ,00-C for 4 hours. D-Galactose was quantified from the dried neutralized sample 
by the enzymatic method using galactose oxidase<19). Determination of the absolute 
configu ra fionofg.yce roI „aaperf„nue < iaceordmg,„ (I) wim prior 0-deacy,anon of the 
glycohprd (20). in mis method the primary hydroxy! group of gjveem,, released after 
sapomfication of the gjycohpid, is oxidized by TEMPO and transformed into a glyceric 
actd resrdue. After acid hydrolysis the glyceric acid was esterified with (R M -).2-butanol 
aoety a,ed and analyzed with GLC-MS. The retention time waa compared to me authentic' 
> samples obtain from D- and L-glyceric acid. I 
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FAB Mass Spectrometry - ll,e mass spectra were recorded using 6 keV atoms to 

' 0mZe SampleS ^ *oho. or glyeero, as the mate. Peracetylation of the 

samples were done as described by Dell (21). 

■ ^"^^^^D^'ionnonizauon Time-of-Flight Mass Spectrometry 
. (MALM-TOF) - Mass speeds were obtained nsing a PerSeptive BioSystems Voyager 
Eltte DE-STR (PB-Bioaystema, Framingham, MA) MALDI-TOFinstrantent Mass 
spectra were accumulated for 100 laser ahots a, an artenuanon of 2600. The instrument 
was operated in the linear mode with 20 kV accelerating voltage and a 150 nsec ion 
exh-^on delay rime. Sample and Mate were prepared aa described previously (22) In 
brief, BBGL-n and BBGL-HI were dissolved in chloroform:methanol (1:1 byvol)toa 
concentration of 4 pg/pL and applied aa 0.5 pL droplete to separate posidons in the center 
ofmemnltiplesamp.eplate. An equal volume of matrix, ^hydroxybensoic acid, 10 
mg/mX water was applied over each samp.e and dried before being inserted into the mass 
spectrometer. 

NMR spectroscopy - Monogalactosyl diglyceride (MGDG, mainly 1 2-di-O- 
stearoyl-3-O-P-D-galactopyranosyl glycerol) was obtained from Matreya, State College 

' 2 " Dl "°" palmit ° yI ^ cero1 (1.2-dipalmitin) was obtained from NuChek New 
Ely S1 an, MN. Methyl a-D-galactopyranoside was prepared in-house, and methyl 0-d- 
galactopyranoside was obtained from Aldrich, Milwaukee, WI. Deuterated solvents were 
purchased from Cambridge Isotope Laboratories, Andover, MA. 

NMR spectra were acquired at 300 K without spinning, by use of a Bruker DRX- 
500 spectrometer equipped with a 5 mm broad band (BBO) probe. Solutions of 5- 1 0 mg 
of compound in CDC1 3 (0.5 mL, 99.96 atom % D) or its admixtures with (CD 3 ) 2 CO (99 9 
atom % D) or CD 3 OD (99.8 atom % D) were used for the lipids, with tetramethylsilane as 
a chenncal shift reference for 'H and " C NMR spectra The anomeric methyl D- 
galactopyranosides (1 1 mg) were examined as their solutions in D 2 Q (0.4 mL, 99 96 atom 
/o D), w,th sodium 4,4-dimethyl-4-siIapentanoate-2,2,3,3-,/ 4 (TSP) as an internal 
references H and 13 C NMR spectra. The data were acquired and processed by means 
of the Bruker XWINNMR program version 3.0, running on SGI 02 or Octane 2 
processors. 32,768 point data sets were used for ID spectra, in some instances with zero- 
Mlhng to 32,768 or 65,536 point, ID «H NMR spectra were recorded at 500 MHz with a 
spectra, width of 4.25 kHz, a 30° pulse (3.2 ps), and a recycle time of 6 s. ID "c NMR 
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spectra were quired a. 126 MHz by using a specteal width of 25. 1 kHz, a 45" puke (3 

Ma),a„da I ec y ele tim eofls,exeep tUM ,f„ rhigllresolutioilstlldiesof 

****** of choiestaot 65,536 poi„, da>a sets wera used, with zero-Ming ,o ,3. 072 

■^"C^apec^ediongwascoodue.edby.heDEPTo.eftod.osing *' 
combinations of spectra acquirad with 30", 90", and ! 50= read pulses at the 'H frequency 
In other eases, a 135" 'H read pulse was used to generate "c NMR spectra having 
neganvely phased CH, resonances, together with positively phased CH and CH 3 
-onanees. Heonpied IJ C NMR spectra were acquired with the nuclear Overhauser 
effect by use of gated irradiation a, the ' H frequency during a relaxation delay of 3 42 s 

Mos, of the 2D NMR data were acquired by means of pulse sequences tha, ' 
included z-gradient coherence selecdon. 

2D COSY ' H ^ spectra were collected in 2048 x 512 point data sets, zem- 
ffled to 2048 x 2048 points, using either 30" or 45° read pulses. UnshiSed sine-bell 
squared window functions were applied in both dimensions prior to Fourier 

2D TOCSy H NMR spectra were acquired using 16384 x 256 point data sets, zera-fnied 
to 16384 x 2048 points, by use of the gradated, phase se.irive, echo/anfi-echo 

m CTT * by "* rad were *» «■ *— 
ID K NMR subspectra of individual rasidues were pioducen by mt!Mioa « ^ 

from Ote 2D TOCSY spectra. For some 'H NMR spech*. the assignment were also 
confirmed by digital, selective homonuclear 'H decoupling 

2D HSQC and HMBC Wc NMR spectra were recorded as 2048 x 512 poin, 
data set, zem-ffled to 2048 x 2048 points, by using the gradient-selected, sensitivity- 
enhanced, phase-sensitive echo/anti-echo mode for HSQC, and a gradient-selected low- 
pass filtered, long-range, non-decoup.ed pulse sequence for HMBC. the data from which 
were dtsplayed in magnitude mode. 2D HMBC NMR spectra were acquired with an 
evolution , delay of 83 ma, i.e.. optimized for Hf c „ 6.0 Hz. Opdmum sensitivity was 

2^ ^ f QC ^ HMBC «*°«* * - squared window functions 

shifted by */2 rad in both dimensions. 

Ridges in the , dimension of the 2D spe«ra were removed as necessary by mean row 
subtract ra the Brukpr AURELIA program, veraion 2.8. ,2. » P NMR measurement a, 
202 MHz indicated the absence of phosphorus in the samples examined. 
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Example 2 
Isolation of BBGL-II and BBGL-HI 

The glycolipids of B. burgdorferi (strain B31) were obtained from 2.17 g of dry 
cells after Bligh and Dyer extraction. They were purified to homogeneity by silica gel 
column (20 X 3 cm) and eluted stepwise with mixtures of chloroform and methanol with 
increasing polarity. The yield of BBGL-II from 0.7 g total lipids was 163 mg (23.2%) 
and the yield for BBGL-m was 87 mg (12.4%), thus BBGL-H and BBGL-m are the 
major lipids in B. burgdorferi. Similar yields were obtained from the clinically isolated 
strains BL303 and N40, which lipids repertoire resembled that of B31 strain (Fig. 1). 
Since the biomass yields from B31 strain were much higher, all subsequent experiments 
were performed with this strain. 

Example 3 
Affinity chromatography 
BBGL-H bound to Detoxi-Gel Endotoxin Removing Gel (Pierce). This resin 
consists of immobilized polymixin B on agarose, and is used for" the removal of 
endotoxins by binding to the lipid A portion of LPS. When sonicated B. burgdorferi cells 
were loaded on this column, the presence of BBGL-H in the bound material, eluted from 
the column with 1% deoxycholic acid, could be demonstrated by TLC as well as by 
immunolabeling (Fig. 1). No presence of BBGL-IH was detected in the bound fraction." 

Example 4 
Radioactive labeling of BBGL-II 

When cultivated in the presence of ,4 C-cholesterol, 80% of the radioactivity found 
in the total lipid extract could be attributed to BBGL-H (Table 1). No radioactivity was 
detected in lipid bands corresponding to BBGL-IH, free cholesterol or cholesterol esters. 



10 



15 



20 



SASAVWR 0 am 04/02/03 4239-64776 -23 

Express Mail No. EV29S230276US 
Date of Deposit- April 2, 2003 



Table I. The chemical composition of B. burgdorferi glycolipids. 

Component BBGL-II BBGL-IH 

"Suia? Q-deacylated Native Q-deacvl^,. 

Galactose in in 

Glycerol 0 * n ° >-0 1.0 

Fatty acids 8 0 93 1.05 

C1 4:0 0.07 nis 

C 16:0 ! 15 015 

C18:2(9,12)" 0 .23 J'JJ 

C1 *l (9) b 1.0 J" 

C18 % ™ ™ 

Cholesterol % ^ 0-4% ND 

Molar ratio was dcterarined by GLC-MS : - — - .. 



Localization of the double bond 



25 



Relative amount of radioactivity iabe.ing out of the tota. Hpid ^ tion (see Example , for ^ 

Example 5 

Compositional analysis 

Sugar analysis of both glycolipids revealed ^ rf ^ ^ 

monosaccharide. Glycerol was delected only in BBGWI. Melhanolysis identified the 
presence of «w. major ester-bonnd fttty acids: CI 6:0 and CIS:! ami severa! minor fttty 
acrds: 04:0, CIS.O C18.-2 (Table 1). The donhle bond was localized on position A9 and 
A9^2 m CI8:1 and OS:2 respecHvely, suggesting mese fatty ^ 0leic ^ ^ 

EnzymaUc assay with galactose oxidase demonstrated the galactose moiety ,„ be 
m the^conflgwanon. Absolnte configuration of .he carbon on position C-2 in the 
glycerol moiety of BBGWH, with tire sugar residoe on position C-3 and the fttty acid on 
posmonsC, andC-J.wasdeterntinedtobex. This is consistent with s„-confignratio„ 
when carbons are stereospecifically numbered. 

Example 6 
Methylation analysis 
Mediation analysis of the native BBGL-II, revealed the presence of 1 

rrT' 6 " t ^" meAy, "~ ^^-tetra-^l-galacito, 
mthemolarrahoofl.OtoO.P.identifying terminal and 6-substituted galactose reldues 
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Pnorde^ationofthesa^e^tedta the disappe^ce „f ,„e „. subsDmttd ' 
the feny acd Can,, which is no, »p M> reeved d.ning nation 

BBGL-m deeeoted l,5-di-o-ac« yl -2,3A6- tt «n^. m e,h y l- g a I ac it o, indicating fte 
presence of tenninal galactose. 

Example 7 
Mass spectroscopy 

n ** MOf!,U Terence b«ween the n.Ceo.ar weigh. 

= 26) suggested ^abUi* in n,e Upid co^,, ^ ^ 

choice galacoae snbstitideti witi, either palmitic or oteatic fatiy acids (Fig. 2) This ia 
- Jeemen, win, mam* obtained by OLC . MS> ^ ^ ^ 

oTgtTrrr 5 ,™ 

of 809.7 and 835.7, whereas analgia of peracc^ated BBGL-n detected molecofer 
wegbts of 935.7 and 96..7. The increase in tno.ec.Uar weigh, ofWa = «26rep„ae. te 
Utencontorationofteeeace,,!^ and confirmed the existence of three fee 

W group ah,BBGI,n.Toconih maK co m poaidonBBGL.n,hi g h re ao lu d„n 
FAB-MS was records The theomticol m/ 2 value of ^ ^ rf ^ 

compos* of hexoae, choiea.e™, and oieic acid (CH^O^s), was called to he ' 
943.5428. The observed m/z weigh, waa 943.5469. This confined the theoretical 
composition C 3 ,H„0,Cs (error fppm/ntmn] = +4.3/+4. 1). 

806, tT I " TOF ^ taOfBBG ^ mreVeded,W ° imSWifl "'»--<'»80. I and 

6 0^^ ^ S<>di0m ° f * «■* *«- wid. <wo 

16.0fenyactdsorw.th 16:0and 18:1 fetty acids respectively (Fig 2). 

Example 8 
NMR spectroscopy 

The atntchnes of ,he BBGL-n and BBGL-HI and ,heir pen.ee*! derivatives were 
mvesngated fcrther b y one-dimensional (ID) and tivo-dhnensiona! (2D) NMR 
spectioscop y a, 500 MHz. 'H NMR assigns ^ ^ weK 
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correlation spectroscopy (COSY), total correlation spectroscopy (TOCSY), or selective 
spin-decoupling experiments, whereas ,3 C NMR assignments (Table III) were indicated 
by 2D heteronuclear single quantum correlation (HSQC), based on the ! H NMR 
assignments determined already. Inter-residue connectivities and further evidence for ,3 C 
assignments were gained from 2D heteronuclear multiple bond correlation (HMBC). 

[TABLE n. * 





BBGL-II 


BBQUl-Acj 


BBGL-IH 


BBCMII-Ac, 


MCPO 


1.2-Dipalmitirf- 


Me-e-P-Gak 


OaPiO) 


H-r 


4.327 


4.54$ 


4.943 


5.124 


4.232 




4.846 


4.323 


H-2* 


-3.617 1 


5.184 


-3.84 


5.100 


3.550 




1836 


1509 


H-y 


-3.61? 


5.024 


3.770 


5.317 


3L502 




1812 


1653 


H-4 1 


1877 


5.370 


4.09« 


5.460 


3.896 




1970 


1931 


H-y 


3.(35(5 


3.886 


3.807 


4.203 


1510 




1905 


1703 


H-<ra 


4.351, 4J46 


4.191 


3.927 


4.107 


3.829 




1768 


3.604 


H-01 


4.300,4.294 


4.101. 4.104 


-3.82 


4.075 


1757 




1742 


1759 


sm 






























1422 


3.581 




2.142, 2.U0I 




2.138. 1071 














1.982 




1041. 1.988 










H-l-a 






4.377 


4.340 


4.381 


4.319 












4.128 


4.147 


4.229 


4.238 






H-2- 






5.253 


5.198 


5.279 


5.083 






H-T™& 






3.840 


181 d 


1954 


1751.1738 






K-r«b 






3.634. 


3.620 


1723 


1724. 1710 






HOC 








1343 
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BBGL-U 

Pabni 

octd 



Oleic 
sen) 



BBGL-H-Ao, 
l3-£tfpalmii£n 



C-P(Gal) 101,43 

c-r 71.90* 

C-3' 7330* 

C-4* 6835,6832 

C-5* 7237.72.25 
62.46. 62.42 

OMc 
Ac (Me) 

Ac(OO) 



CI- (0=0) 173.82* 
17932 

C-2" J4.27« 
34.00 
2433* 

C4--C-13- 29.77-29.18 
29-69-29.03 



100131 
69.18 
71.07 

/ * 

67.17,67.15 
70.69 

61 .27. 61.24 

20.83.20.69. 
17036, 17036, 



17332* 

173.79. 173.43 
34.08* 
3433,34.14 
24.86 

24.97.24.92 
29.79-29. 1 2 
29.72^9.12 



(raD,0) 



BBGVni 
(inPK» 



BBGL-ITI-AC4- 



MCDC 



C-l (Choi) 3730 
C2 3a89 


3734 
38.98 

f 


37.28 
3138 


C3 


79.46.79.45 


80.40 


7X80 


C-4 


29.73 


29.73 


42.33 


C-5 


140.37 


140.35 


140.78 


C6 


122.12 


122.18 


121.71 


C-7 


3K97 


31.96 


31.82 


C-8 


31.89 


31.89 


31.68 


C9 


5031 


5030 


5a 16 


C-10 


36.7S 


36.74 


36.51 




21.09 


21.08 


21.10 


c-12 


28,24 




28.24 


C-13 


42.35 


42.35 


4234 


C-14 


56,79 


56.78 


56.79 


C-13 


2430 


24.30 


24.31 


C-16 


39.80 


39.78 


39.80 


C-17 


36.22 


5630 


56.18 


C-18 


11.87 


11.87 


11.87 


C-19 


1937 


19.36 


19.40 


C-20 


35.80 


35.80 


35.80 


C-21 


18.73 


ia73 


18.73 


C-22 


36.22 


36.21 


36.21 


C-23 


23.86 


23.85 


23.84 


C-24 


3934 


39.54 


3933 


C-23 


28L03 


28.03 


28.02 


C-26 


22.57 


22.57 


2237 


C-27 


22.82 


22.82 


22.81 



10237 

7233 

71.04 

72.08 
7359 
64.09 
57.83 

20.65.20.62 
170.17, 169.95 



99.32 
106.69 
6937 
7339 
70.88 
75.65 
7031 
7134 
70.04 
78.00 
63.06 
. 63.84 

60.02 



173.59* 17336* 

34.28 

24.90 

29.78-29.11 



96.62 
67.99 
67.50 
67.89 
6631 
61.61 

20,70.20.66 

170.42, 17032 

I73JZT, 17334* 
3432* 
24.90 

29.78-29.09 



10430 

71.40 

7337 

6a98 

7535 

6139 

20.61 

16930 ' 

17433, I74.03 r 

34.48,3434 

25.03 

29.88-2939 
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C-14" 
C-15- 
CI6" 

C-I-(OO) 

ca- 

C3- 

&4-.C-15- 

oi6- 

C-I7- 
C-18- 

CS--OC, 

c-ir-oc 

C-2- 

c-3- 



31.93 
31.95 
22.70* 
22.69 
14.13 
14.12 

173.80* 

34.24« 

24.95* 

29.77^29.18 

31.93 

22.7I* 

14.13 

130.07. 129.70 
27.25* 
27.2I»« 



179.87 
34.01 
24.68 

29.79-29.05 
31.92 
22.69 
14.11 

13O.04, 129.74 
27.24' 
27.17' 



31.96 

31.95 

22.70 s 

22.71 

14.12 

14.12 

173.29" 

34.05* 

24.86 

29.79-29.12 
31.96 
22.60* 
14.12 

130.03. 129.75 

I 

27.24 
27.24 



62.02 
72.16 
61.62 



* Assignments fnicrehaqgeaUe. * The shifts in this group refer" 



to steanoyl substitucnta, not to palmftoyl 



3I.94 1 


3I.94~ 


22.70 


22.70 


14.12 


14.12 


173.26* 


172.97- 


34.10 


34.05* 


24.90 


24.90 


29.78-29.11 


29.78-29.09 


31. 92* 


31.92° 


2270 


22.70 


14.12 


14.12 


130.06, 129.70 130.04. 129.71 


27.24« 


27.24' 


27.20" 




62.11 


62.04 


69.90 


69.81 


66.76 


66.64 


Assignment 


J interchangeable. 



32.11 
22.E6 
14.17 



63.04 
70.58 



The values of certain key homo- and hetero-nuclear coupling constants for the glycolipids 
are reported in Table IV. NMR data for several reference compounds or structural 
components of the glycolipids are also reported in Tables H-TV. Assignment of the ,3 C 
NMR resonances was further assisted by ID distortionless enhancement by polarization 
transfer (DEPT) NMR spectrum editing experiments, in which carbon nuclei having 
different numbers of attached hydrogen atoms were distinguished. 
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Solvent 



CDClj 





73 


8D 






103 




33* 


33 




liJ b 


1j0 




63 


6.7 




75 


6.7 




11.1 


112 




158.7 


157.4 



Q^^aa coot 

(4:1 v/U) 



D,0 



33 


3.7 


73 


3.4 


9.8 


10.0 


9.7 


10.1 


35 


33 


33 


2.8 


1.1 


1.1 


1.1 


IjS 


5.1 


6.4 


63 


63 


ND 


7.0 


5.4 


53 


113 


115 


11.6 


11.7 


1705 


172.4 


1603 


1702 


113 


11.8 


12.1 


US 


4.1 


4.1 


33 


43 


55 


6.1 


6.7 


5.7 


4.8 


43 


5.4 


43 


63 


53 


60 


53 


109 » 


113 


109 


123 



8D 

95 

3.5 

OJB 
IS 
4.4 
11.7 

isoa 



Jin aW.afcCDQ, (73 vV) .ohtit 



Example 9 
BBGL-n 

The ID 'H NMR spectrum of BBGL-II in chloroform-*/ solution was 
lnCOmplete,y d * spersed at MHz, the H-2' and H-3' signals of the sugar residue being 
s,gm fi cantly overlapped at~3.62ppm« Superhnpositionof theH-1', H-6'a, andH^ 
multmlets was also observed, and a ID slice taken through these signals in the 2D 
TOCSY spectrum yielded a su bspectrum that contained all seven of the sugar chain 

^^^^^^^ - labeled as unprimed , and single; 
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proton signals (H-r-H-6T», presumably as two subsets comprised of the H-l '-H-4' and 
H-5^H-6-b subgroups. Desbielding of the sugar methylene protons of the glycolipid by 
0.55 ppm with respect to those of methyl P-D-galactopyranoside (Table n> suggests that 
O-6'ofthesugarisacylated. This TOCSY experiment approved that the 1:2:1 triplet 

was assigned to H-3 of the cholesterol moiety, particularly since it was also observed in a 
ID TOCSY shce taken through the olefinic proton signals of BBGL-H. By integration, 
the latter signals amounted to -2.5 protons in the ID ' H NMR spectrum due to 
coincidence of the single olefinic proton (H-6) signal of the cholesterol moiety with the 
olefinic proton signals of a proportion of unsaturated fatty acids in the isolated glycolipid 
m support of this assignment, the TOCSY shce through the olefinic proton signals also 
contained a large number of multiple in the aliphatic proton region (8 2.8-0.9) due to 
connectivity to aliphatic protons of both cholesterol and unsaturated fatty acids 

The "C NMR spectrum ofBBGL-II displayed 59 major, resolved resonances, of 
winch five were due to quaternary »C nuclei, i.e., not detected by " C DEPT experiments 
From low field to high field (Table HI), the five quaternary " C resonances were assigned " 
as two ester carbonyl resonances, and C-5 (olefinic), C-13, and C-10 resonances of the 
cholesterol moiety. Of the total number of »C resonances, 15 could be identified as CH 
by DEPT spectrum editing (Fig. 3a), together with 27 CH 2 and six CH 3 groups (Fig 3b) 
Five of the CH 3 resonances were assigned to the cholesterol residue (Table ID) and the 
sixth, weaker one at 8 C 14. 1 3 to a combination of the signals of the o> methyl carbons of 
fatty add ester groups, which typically may not be resolved from each other. The two 
major olefinic CH resonances at - 1 30 ppm were assigned to a predominant, unsaturated 
fatty add ester group (oleic acid, 18:1), although additional weaker resonances in that 
region mdicated the presence of minor proportions of other unsaturated fatty acid ester 
groups. The CH resonances at 122.12 and 79.46 ppm were assigned to C-6 and C-3 of 
the cholesterol moiety, respectively. Good agreement was obtained between the »C 
chemical shifts ofBBGL-II and those of its lipid components, cholesterol, palmitic acid, 
and oleic acid, except for nuclei near the points of attachment of the residues (Table UT) 
The C assignments for cho^ 
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Z ) ZL Py ?Tn' SOmm - WWle ^ *" «— « with 

the results of the DEPT experiments. 

,„ C , ■ r'TT 8 *" CH reS ° MnCeS the 101 A3 - 6S - 32 *"» «« Signed 
to C- -C-5 ofgalacose. which aiso exhibited the CH, signaj a. 6!. 3 pp m (Tabte HQ 
Z*ubhng of a e C4, C-5', and c* signal of ^ was ^ ^ 

attrtbu ed ,o the presence of two gly coUpids beartag different fatty acid ester groups 
feabnttoy ^oieoyOatC^oftbega^e. H.. doahhog of «he choice, C-3 ai^a. 
fern the subatttuen, at o. 6 . of ^ ^ ^ ^ ^ c s , ^ ^ 
may he due to rotational isomerism about the C-l '-O- 1 • bond (25) 

BBG, T 1O0a ! On ^ 0l,O,eSte,,1 Sro " P ** ^ ° f "» <W> -idue in 

BBGL-n waa utdtcated by the observation of an H-3/C-iVcross peak in the 2D HMBC 

spechrun a, 3.55o/,0, .49 ppn, Stattariy, the iocahon of acyioxy groups) a, C-tf of the 

fte HMBC apecttun, a, 4.351/.73.86 ppm and 4^7/,73.86 ppm, respectively. Anaiysis 
of the cholestero, H-3 nndtipie, in the 'HNMR apecttun, of BBGWI yields the 
co^Hngcon^nta^. ^ - 4.7 Ha, and y w - J^UAHt. -n.eaeva.uea 
define the onentation of H-3 aa axial, and hence the oxygen aten, (0-. •> attached to C-3 is 
equina,. T^fo™, C-3 has the usual stereochemical config^ation found in 
cboteste^ The NMR date for BBGI.II are consistent with a mixture of two statures 
name y, ><HW ( «* fr>)--w ^^ ^ 3 - 0 . ( ^ 0 . oIcoy1 _ 
gaiactopyranosyOchoieatero.. Assigmnentof the sugar ring sizewas based on the 
scanty of the couphng constents of the sugar ring ofBBGL-U to those of nrenryl 6-D- 
ga actepyranoside fTah.e IV). Tie Homeric configuration ofBBGL-H is discussed 



Example 10 
Glycolipid BBGL-H-Acj 

Convincing NMR evidence for the presence of galactose in BBGL-H was 
obtained by its perflation, which yielded a triacetyl derivative, the <H NMR spectrum 
of wmch was better dispersed and resolved than that of BBGL-II. This spectrum lowed 
thenarmwH-^uan^ 
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configuradon, togetllCT with , he ^ fer ^ ^ ^ ^ ^ ^ 

these stgnab were significamly deshielded ( + 1.41-1.57 ppre) with respect re their 

HO-2 HO-3,andHO-4.. Cotrihreaoon of .he position of ,he dnee acetyi groups was 
0bSerVati0n ° f HMBC "-^ H-3-, H-4. and 

vZ^'T? 4) - ^ — - 3180 — — — — C- 

I of Ga, and H-3 of cho.estero, and bebveen H-oVH-oM, of Gal a,d fa«y acid ester 

0^' fT T n&ming IO0a,iO ° ° f ° h0leS,ayl ^ * °-> ' <H - *a, 
of the fatty acyloxy residues at C-6' Th*> ! w ci^i 

10 COSY (see Hg. 5) ^ *»*S™™* were coniirreed by 2D 

The large values J, 7.5 Hz and 8.0 Hz observed for BBGL-n and BBGL-n-Aci 
respechveiy (Tabic FV), indicate dta, H-> • and H-2" have the nans orientadon in these 
glyeohp.ds.and.reerefore.reatreeyhaven.epartoreericeonflgnradon. Thiswas 

5 Z TbTgIh A""' ° f ^ Va,,KS W 158 7 H2 ^ 1574 ^ «« BBGL-n 
and BBGL-H-AC3, respecovely (Tab,e W), which fal. within ree appropriate range for the 

P anon,e„c conn gura do„( 2 6), as amplified by ree value %.,..„., 160 .6 Hz observed for 
methyl P-D-galactopyranoside (Me-p-D-Galp, Table IV). 

raeassi ^»<''^8arringsizeforBBGL-nandBBGL-II-Ae 3 wa Sm adeo„ 
Ute basts of.be stanarity „f dre coup^ amsbMa ^ ^ ^ 

^B^nT 8 i5iff ^ ta *^— '•'-va.nesforBBGJn 
bTaTh ^ r ^ *"* ^ "-^-rePyranoside on the ontermay , 
at.nbn.ed re dtfieren. re«areeric disuibudons abon. ree C-5--C-6' bond cansed by L 
presence of a large subsutuen, a, 0-6- of ree glycolipids. The NMR dare for BBGL-H- 
Ac, are conaisten, „ ilh its characterize aa a reixrere of ^A^-O-aceW-c-O- 
pah mto y,. p . D . gaIactopyrail0syl)cll0lesteK)1 ^ J.^^.^ 

galactopyranosyl)cholesterol. 



30 



Example 11 
BBGL-III 

The "H NMR spectrum of BBGL-DI in chloroform-* solution was well dispersed- 
» particular, the glycer ol pmtons are fully dispersed at 500 MHz, and both the 2D COSY 
spectrum and the 2D TOCSY spectrum (Fig. 6) contain five-multiplet strings that 
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represent (from lower field to higher field) the glycerol protons H-2"' ' H-V>% H 
1 ""b, H-3»»a, and H-3»»b. These 2D spectra have a similar appearance because H- 
2»» ,s spm coupled to all of the other protons on the glycerol carbon chain, and therefore 
generates a string of cross peaks in the COSY spectrum that resembles that in the TOCSY 
spectrum. The latter spectrum (Fig. 5) also exhibits an H-l '-H-4' multiplet string that is 
characters of the galacto configuration, transmission of magnetization from H-4' to H- 
5' , H-6'a, and H-6>b commonly being inhibited by the small magnitude of J^. (see Table 
IV). As a result, the H-4' multiplet of the Gal residue is characteristically narrow 
3.2 Hz, 1.1 Hz) A seven-multiplet string in the 2D TOCSY spectrum represents the 
mutual exchange of magnetization between the olefinic protons (8 5.344) and the 
aliphatic protons in an unsaturated fatty acid (18:1). 

TheDEPT-135 »C NMR spectrum of BBGL-m indicated six CH resonances and 
three CH 2 signals in the sugar region, consistent with the presence of one glycerol residue 
and one aldose residue, as well as 25 incompletely resolved CH 2 signals and one CH 3 
resonance in the aliphatic carbon region that were assigned to fatty acids. Two strong 
resonances at 8 C 130.06 and 129.70 suggested the presence of one, predominant 
unsaturated fatty acid residue. However, the observation of two weaker pairs of signals in 
tbs olefinic carbon region indicated the presence of minor proportions of other 
unsaturated fatty acids. Three strong »C resonances were observed in the 0=0 region 
(Table DD, together with one weaker one. The substantial deshielding (+0 724 +0 567 
and +1.470 ppm, respectively) of the H-l»»a, H-l»»b, andH-2»» protons of the 
glyceryl residue of BBGL-Ifl with respect to the corresponding protons of the parent 
glycerol (8„ in D 2 0, 3.653, H-l^a; 3.561, H-l»»b; 3.783, H-2»») pointed to acylation of 
O-l and 0-2»» of the glyceryl residue (Table II). Confirmation of the positions of 
the acyl groups was provided by the observation of H-l ""a/OO, H-l "»b/C=0 and H 
2»'7C=0 cross peaks in the 2D HMBC spectrum of BBGL-HI. This spectrum alio 
displayed an H-3'»'b/C-l • cross peak, which locates the galactosyl residue at 0-3»» of 
the glycerol moiety. 
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Example 12 
BBGL-III-Ac 4 

Peracetylation of BBGL-m yielded a product whose l H and l3 C NMR spectra 
exhibited four, intense acetyl methyl proton signals, and four acetyl methyl carbon and 
carbonyl carbon signals; respectively, indicating the formation of a tetra-O-acetyl 
derivative. Substantial deshielding (+1.266 to +1.547 ppm) of the Gal H-2', H-3\ and H- 
4', and more limited deshielding (+0.180 to +0.255 ppm, Table H) of H-6'a and H-6'b 
pointed to acetylation of 0-2', 0-3', 0-4', and O-6' of the Gal residue. This was 
confirmed by the detection of H-2VC=0, H-37C=0, H-47C=0, H-6'a/C=0, and H- 
6'b/C=0 cross peaks in the 2D HMBC spectrum of BBGL-III-AC4 (Fig. 6), in the case 
where the carbonyl carbon signals of the acetyl and fatty acid ester groups are readily 
differentiated by their I3 C chemical shifts in the 170 ppm and 173 ppm regions, 
respectively (Table HI). In the 173 ppm region, the 2D HMBC spectrum of BBGL-HI- 
Ac 4 also displayed cross peaks of H-l 'a, H-l ""b, and H-2"" with fatty acid ester 
carbonyl carbons, together with an H-3""a/C-l ' cross peak that supports the assigned 
location of the Gal residue at 0-3"" of the glycerol unit. 

The small values J v , r 3.8 Hz and 3.7 Hz, respectively, for BBGL-III and BBGL-m-Ac 4 
(see Table IV) indicate the gauche orientation for H-l' and H-2' in these derivatives, 
which means that their Gal residues have the a anomeric configuration. This was 
confirmed by the large values J ww . 170.5 Hz and 172.4 Hz, respectively, for BBGL-III 
and BBGL-III- Ac 4 (Table IV), which fall within the range expected for a anomers (26), 
as was observed for methyl a-D-galactopyranoside (Me-ct-D-Galp, Table TV). 

The NMR data for BBGL-III are consistent with the structure 3-O-a-D- 
galactopyranosyl-l(2)-0-oleoyl-2(l)-(9-palmitoyl-glycerol, and those for BBGL-BI-Ac 4 
support the structure 3-0-(2,3,4,6-tetra-0-acetyl-a-D-galactopyranosyl)-l(2)-0-oleoyl- 
2(l)-0-palmitoyl-glycerol. Again, the assignment of sugar ring size was based on the 
similarity of the sugar ring coupling constants to those of methyl a-D-galactopyranoside 
(Table IV). 
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Example 13 
Monogalactosyl diglyceride 

The present inventors realized that commercially available monogalactosyl 
diglyceride (MGDG) is a close structural analog of BBGL-m, and this product was 
therefore studied as a reference compound, and to refine the analytical techniques 
described herein. The ! H NMR spectrum of MGDG was quite well dispersed at 500 
MHz, and the seven spin multiplets originating from the Gal residue were readily 
recognized, including the narrow H-4' quartet (Jy A . 3.3 Hz, J 4 >f> 1.1 Hz) that is 
characteristic of ihegalacto configuration. Moreover, the ring proton coupling constants 
(Table IV) indicate that the galactose residue is present as a pyranosyl ring, in concert 
with the glycolipid derivatives discussed earlier. No olefinic proton signals were 
observed for MGDG. 

The 2D COSY and TOCSY 'H NMR spectra of MGDG contained the same 
highly dispersed, five-multiplet strings that are characteristic of a glycerol residue bearing 
acyloxy groups at C-V *" and C-2'"\ a substitution pattern that is supported by the 
downfield shifts of H-l' "'a, H-l ""b, and H-2"" (Table H). DEPT-135 ,3 C NMR 
spectra exhibited six main CH resonances and three predominant CH 2 signals in the sugar 
region (Gal + Gro), together with 14 resolved CH 2 signals and one CH 3 resonance in the 
aliphatic region that represent two fatty acid ester residues, as was confirmed by the 
detection of two OO signals at 5 C 174.31 and 174.01 in the normal ,3 C NMR spectrum. 
The location of the acyloxy groups at C-l and C-2"" is substantiated by the 
observation of H-l ""a/C-O, H-l""b/C=0, and H-2'" VC=0 cross peaks in the 2D 
HMBC spectrum of MGDG. This spectrum also displayed H-3""a/C-r and H-3""b/C- 
1' cross peaks that confirm the linkage of C-l' of the Gal residue to 0-3"" of the 
glycerol moiety. Good agreement between the 13 C chemical shifts of all three of the 
glyceryl carbons was obtained for MGDG, BBGL-HI, and BBGL-D3-Ac 4 (see Table IH), 
but for 1,2-dipalmitin, the C-3"" shift is substantially upfield of the corresponding shifts 
for the other compounds, owing to the lack of a deshielding glycosyl substituent in this 
diglyceride. 

The large value J vx 7.3 Hz and small value7 C -i w 160.2 Hz (Table IV) prove 
that MGDG has the 0 anomeric configuration, i.e., the opposite configuration to the 
glycolipid BBGL-BI. Taken together, the NMR and GC-MS data for MGDG indicate 
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that it consists mainly of l.Z-di-O-stearoyl-S-O-P-D-galactopyranosyl glycerol, although 
weaker peaks in the NMR and GC-MS spectra indicated the presence of minor 
proportions of other components. The diastereomeric relationship of MGDG and BBGL- 
in and lack of an unsaturated fatty acid residue in MGDG is sufficient to cause these two 
glycolipids to have different solubilities, m contrast to all of the other lipids studied 
dissolution of MGDG in CDC1 3 required the addition of about 20 % CD 3 OD. 

Thus, BBGL-H and BBGL-HI were isolated from B. burgdorferi strains B3 1, N40 
and BL303 (15), and purified to near homogeneity by silica gel chromatography Using 
various analytical procedures (GLC, MALDI-TOF, FAB, and NMR spectrometry) the 
structure of the major polar membrane glycolipids of B. burgdorferi have been identified 
as cholesteryl 6-O-acyl-p-D-galactopyranoside (BBGL-H, Fig. 8), and l,2-dlacyl-3-[0-cc- 
D-galactopyranosylj-j/i-glycerol (BBGL-IH, Fig. 9). 

BBGL-HI shows high structural homology to BOLIP-7, a monogalctosyl diacyl 
glycerol previously described. However, the results obtained clearly demonstrate that the 
terminal galactose moiety in BBGL-H is indeed linked to cholesterol, unlike BBGL-IH, in 
which the galactose is linked to glycerol. 

Further evidence of the cholesterol moiety in BBGL-H was obtained by metabolic 
labeling of this glycolipid upon cultivation of the cells with ,4 C-cholesterol. In these 
experiments, 80% of the radioactivity in the total lipid fraction could be attributed to 
BBGL-H. No significant amount of free cholesterol was detected in these experiments 
suggesting the absence of free cholesterol from the pool of membrane lipids, and its mpul 
mcorporation into BBGL-H. Free cholesterol, or cholesterol esters were shown to be 
incorporated in bacteria membranes in many species including Mycoplasma, 
Helicobacter pylori, Micrococcus lysodeikticus. Bacillus megaterium, and Proteus 
mirabilis. However, de-novo synthesized cholesteryl glucosides, in which cholesterol is 
incorporated from the growth media to be linked to sugar and/or lipid moieties, has been 
demonstrated thus far only in Mycoplasmas , Helicobacter pylori, and B. hermsi, for all 
of which, the carbohydrate being Glucose. Previous studies have demonstrated that 
cholesterol is a highly immunogenic molecule. The abundance of cholesterol-containing 
BBGL-HI in B. burgdorferi membranes can therefore, result in elevated titers of anti 
cholesterol antibodies during Lyme disease pathogenesis. 
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Polymyxin B, a polycationic cyclic peptide, has been used as affinity sorbent for 
theremovalofendotoxins,mainlyLPSandlipidA. When sonicated B. burgdorferi cells 
were loaded on a column containing immobilized polymixin B, the presence of BBGL-H 
could be demonstrated in the bound material after elution with deoxycholate. It is 
interesting to note, that BBGL-IH was not bound to the column under the same 
conditions. The driving force of the binding of endotoxins to polymixin B are 
hydrophobic interactions between these two structures. It is likely to assume that some 
structural elements of BBGL-H present characters similar to that of lipid A. 

The molecular mimicry of lipid A by BBGL-H has also been demonstrated by 
triggering the secretion of proinflammatory mediators such as interleukin-1, IL-6, TNF- 
alpha, and PGE 2 upon stimulation of cell cultures with various B. burgdorferi 
preparations containing BBGL-H. Without being bound by theory, it is therefore likely 
that BBGL-H acts as a "functional LPS" in B. burgdorferi. 

It will be apparent that the precise details of the methods or compositions 
described may be varied or modified without departing from the spirit of the described 
invention. We claim all such modifications and variations that fall within the scope and 
spirit of the claims below. 
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CLAIMS 

1 • A purified compound having a formula, or a pharmaceutical^ acceptable salt thereof, 
5 wherein the compound formula comprises 
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wherein "16" represents the number of carbon atoms in a palmitoyl group shown 
in the formula. 



2. The compound of claim 1, wherein the compound is isolated from B. burgdorferi. 

15 3. A pharmaceutical composition comprising a therapeutically effective amount of the 
compound of claim 1 in a pharmaceutical^ acceptable carrier. 

4. A pharmaceutical composition comprising a therapeutically effective amount of the 
compound of claim 1 conjugated to at least one polypeptide. 
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5. An immunogenic composition comprising the compound of claim 1 and a 
polysaccharide component, wherein said polysaccharide component is isolated from ; 
strain of a pathogenic microorganism or chemically synthesized. 
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6. The immunogenic composition of claim 5, wherein said polysaccharide component is 
a capsular polysaccharide or a lipopolysaccharide. 

7. A method of inducing an immune response to B. burgdorferi in a suhject, compri S ing 
admuHstering a therapeutically effective amount of the compound of claim 1 to the 
subject, thereby inducing the immune response. 

8. A method of preventing or treating Lyme disease in a subject, comprising 
admnnstering to a subject a therapeutically effective amount of the compound of claim 1 
thereby preventing or treating Lyme disease in the subject. 
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ABSTRACT 

Cholesterol-Containing Glycolipid of Borrelia burgdorferi 
and Its Use as an Immunogen 

Unique glycolipids compounds that can be used for inducing an immune response 
to Borrelia burgdorferi in a subject by administering a therapeutically effective amount of 
the glycolipid to the subject. Such administration is particularly useful for preventing or 
treating Lyme disease in a subject. The compounds(s), and therapeutically acceptable 
salts thereof, may be formulated into pharmaceutical or immunogenic compositions. 
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